Spermatic granulomas are inflammatory lesions that occur in the efferent ductule and epididymis of humans, goats, rats, and bulls. Three clinically normal dogs from a control group had histologic lesions of the initial segment of the caput epididymis consisting of intratubular spermatic granulomas. The granulomas were located within the efferent ductules, and the inflammatory response consisted primarily of aggregates of spermiophagic macrophages in the ductules. Sperm stasis of the affected ductules was evident by the dilation and accumulation of large numbers of spermatozoa in adjacent cross-sections of efferent ductules. Blindending efferent ductules were demonstrated by serially sectioning the initial segment of the epididymis. The intratubular granulomas did not completely occlude the outflow tract because spermatozoa were present in the cauda epididymis. While spermatic granulomas can be induced by trauma, infection, or toxins, spontaneous granulomas due to blind-ending ductules should be considered as a differential. Clinical history, location of the granuloma, and serial sectioning can help determine the most likely etiology in early cases.
INTRODUCTION
Spermatic granulomas consist of accumulations of spermatozoa and macrophages within tubules or in the adjacent interstitium of efferent ductules or epididymis. Granulomas may be induced by trauma, infections, congenital abnormalities, degenerative changes, or toxins. Lesions may begin as acute extravasation of sperm into interstitial tissues or by spermatocele formation and secondary macrophage infiltration. If there is a loss of integrity of the epithelium and its basement membrane, the inflammatory reaction will involve the adjacent interstitium. Lesions in the cauda epididymis are more likely due to ascending infections, whereas granulomas in the caput epididymis are more likely due to aberrant ductules. Lesions due to toxins have been reported in the head and body. (13) .
The effects on fertility depend on the severity and location(s) of the lesion. Small isolated lesions in a single efferent ductule may have no effect on fertility because multiple efferent ductules connect the rete testis to the epididymis. Unilateral lesions of the epididymis can occlude sperm transport yet still may have no clinically observed effects on fertility if the contralateral testis is normal.
Spermatic granulomas have been reported in many domestic species (3, 10, 15, 20) and in humans (5, 7, 9, 14, (16) (17) (18) (19) 21) . Most reports are observational studies of end-stage lesions with severe inflammatory cell responses. The inciting lesion or cause of granulomas is frequently obscured by the inflammatory and reparative responses. We report 3 cases of blind efferent ductules in the dog leading to spermstasis and intratubular spermatic granuloma formation.
METHODS
Tissues for this report were derived from 3 dogs from a group of 6 control animals in a study on canine reproduction. The dogs had no surgical or hormonal manipulation of their reproductive tracts. Control animals were postpubertal, mixed-breed dogs that were healthy and had been routinely vaccinated several weeks prior to the study. The ani-mals were housed individually with access to food and water ad libitum. The study protocol was in accordance and approval of the University's Animal Care and Use Committee.
The male reproductive tracts were preserved either by immersion fixation in Bouin's fixative or by vascular perfusion with Kamovsky's fixative. Tissues for immersion fixation were collected following castration. Tissues were fixed 24-48 hr in Bouin's fixative, rinsed in phosphate-buffered saline for 2 hr, and transferred to 70% ethanol. Bouin's fixed tissues were embedded in paraffin and stained with hematoxylin and eosin. The efferent ductal regions from 2 dogs were sectioned serially from the caput epididymis to the corpus epididymis.
For perfusion fixation, the animals were fasted overnight, prior to collection of tissues. On the day of sacrifice, the animals were premedicated with intramuscular injections of 0.2 mg/kg acetyl promazine and 0.02 mg/kg atropine sulphate. General anesthesia was induced with intravenous sodium pentobarbital at a dose of 12.5 mg/kg. The reproductive tract was fixed by anterograde perfusion via the abdominal aorta following the method of Forssmann et al (6) . Blood was first cleared from the vasculature using saline containing heparin and procainamide,~ ' and then a diluted fixative ( 1. S % paraformaldehyde and 1.5% glutaraldehyde in 0.1 M phosphate buffer, pH 7.35) was perfused for 20 min. The initial fixative was followed by 3% paraformaldehyde, 3% glutaraldehyde, and 0.5% picric acid in a phosphate buffer for 30 min. The tissues were excised and sectioned for embedding in either glycol methacrylate or epoxy resin. The samples embedded in epoxy were processed according to standard methods of electron microscopy.
RESULTS
The reproductive tracts of all dogs appeared normal on gross examination. Histologically, 3 of the 6 control dogs had lesions in the region of the efferent ductules. Two dogs had single, unilateral, intraductular granulomas of the efferent ductules, and 1 dog had 2 intratubular granulomas of the efferent ductules of the same testis. The granulomas consisted of accumulations of large, foamy macrophages partially or completely occluding the lumen of the ductules (Fig. 1 ). Ductules leading from the testis to the granuloma were markedly distended with spermatozoa. In sections of ductule immediately adjacent to the macrophages, there was a mixing of spermatozoa and macrophages. The macro-phages were distended with phagocytized spermatozoa. Adjacent interstitial tissues contained scattered macrophages with rare neutrophils. The basement membrane of the tubules appeared intact, and the remaining epithelium of the ductules completely covered the ductular wall.
In 1 dog, the intratubular granuloma consisted of a large aggregate of sperm-filled macrophages with a thin epithelial covering. Low cuboidal to attenuated ductular epithelial cells extended over the inflammatory aggregate and formed a pedunculated mass that partially occluded the lumen (Fig. 2) . Serial sections of the tissues demonstrated eflerent ductule distention with sperm stasis leading up to the area of the intratubular granuloma. The granuloma was located within a blind-ending efferent ductule (Fig. 3 ).
There was no evidence of any gross or histologic abnormalities in the testis or epididymis. All 3 dogs had spermatozoa within the cauda epididymis, indicating that some of the multiple efferent ductules were still patent and the occlusions did not prevent spermatozoal transit through these ductules. Fertility or semen analysis was not done on any of the animals.
DISCUSSION
There are multiple causes of spermatic granulomas in the epididymis. In humans, the most commonly cited are trauma (5, 7, 9, 15, 20, 22) and inflammation (7, (17) (18) (19) 22) . Trauma and inflammation have also been reported as causes of spermatic granulomas in animals (17, 23) . Other causes of spermatic granulomas include congenital ductular abnormalities (1, 16, 17, 23) , adenomyosis of epididymal ducts (2, 18) , parasitic lesions (2), and toxins (11, 12) . A recent abstract briefly described similar lesions in a series of control dogs from a toxicology study (14) . The etiology was not determined ; however, the distribution and histological lesions are strikingly similar to those described in this report.
Congenital ductular abnormalities have been observed or hypothesized in a number of species. Segmental aplasia of the eflerent ductule and epididymis have been reported in human beings (19) , dogs (3, 16) , and goats (21 ) . Hemeida (4) and rats (8) .
In the current cases, 3 dogs had intratubular spermatic granulomas. Serial sections were able to demonstrate the involvement of blind efferent ductules.
One dog had multiple blind-ending efferent ductules involved.
With the increased interest in reproductive toxicity by regulatory agencies and pharmaceutical companies, knowledge of the incidence of epididymal lesions will be required to avoid attributing spontaneous lesions to toxic effects. Unfortunately, evaluation of the efferent ductules is not routine in many laboratories so the true incidence of these lesions in laboratory dogs is unknown. Reproductive toxicity studies in dogs will need to take into account these spontaneously occurring lesions within efferent ductules and the sensitivity of these ductules to occlusion.
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